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AXTAI-SLOT ATR ADMISSION FOR CONTROLLING PERFORMANCE COF A
ONE-QUARTER-ANNULUS TURBOJET COMBUSTOR AND COMPARISON
WITH COMPLETE ENGINE

By Herman Mark and Eugene V. Zettle

SUMMARY

An investigation of a single-annulus turbojet combustor design with
slot-type air admission was conducted to demonstrate the gpplication of
certain design principles to the control of the gas-temperature distri-
butions at the combustor outlet. Comperisons of the performance of a
one-quarter-annulus combustor (obtained in lsboratory duct-type instal~
lation) and a full-snnulus combustor (cbtained in & full-scale turbojet
engine mounted in an altitude test chamber) sre presented to indicate
the general applicability of results obtained from combustion studies
conducted in leboratory duct-type insteliations. Combustlon efficiency,
altitude operational limits, and exhaust-gas tempersture-distribution
date were obtained for the one-quarter-annulus cambustor; similar date
were obtained for the full-annulus combustor.

The radisl gas-tempersture distribution &t the combustor outlet was
controliled (for an gmengble slot-type opening upstream design) primgrily
by providing for longitudinsl partitioning of the geses in the secondary
zone of the combustor. A reasonsble correlation existed between the
performance of the one-quarter-snnulus and the full-annulus combustors
except for temperature distribution. Although actuasl correlation of
radial temperature distribution was not established, sufficient trends
did exist which made it possible to predict a glven temperature dlstri-
bution for the engine. A radial temperature distribution similar to the
optimum distribution obtained from calculation was obtained in a given
engine using a one-gquarter-annulus lsboratory duct-type test setup to

predict the results.
INTRODUCTION
Research at the NACA lewls lsboratory on deslgns for annular com-
bustors for turbojet engines (references 1 to 3) has indicated specific

measures which give improved altitude performance. The combustor-design
program applylng some of the general design principles outlined in
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references 2 and 3 1s presented in this report., Research was conducted
in a one-quarter-annulus duct instelletion and in an actual Jet engine
installed in an altitude test chamber. A comparison of the performance
of a one-querter-annulus combustor, &s determined in the duct, with the
performance of the full-annulus counterpart g5 détermined in an actusl
engine, is made hereln. This program was primarily intended to deter-
mine the applicebility of design principles that improve ¢ombustor per-
formance in lsboratory duct- type installations to the design of combus-
tors in the actusl engine. -

The turbine of the engine in which the research on the full-annulus
combustor was conducted had specific radial- temperature—distribution
requirements which were met by developing a combustor for a given
tempersture distribution in a one-quarter-annulus duct &nd subsequently
testing the same design In the actual englne, 8ix combustor-design
modifications-were tested, first in the one-quarter-annulus duct and
then in the full annulus as a component of the engine, before the turbine
radiel-tempersture-distribution requirements of the engine were met.

The results of the program are herein discussed and compared.

APPARATUS

Installation

A schematic dlegram of the one-quarter-annulus combustor instellstion
is shown in figure 1. Air of desired quantity, pressure, snd temperasture
was drewn from the laboratory alr-supply system and exhausted into the
eltitude exhaust system, which permitted operation in the test chamber
at pressures as low as 5 inches of mercury absolute. Combustor-inlet
temperatures were controlled by using a gasoline-fired preheater located
in & bypess upstream of the combustor. The quantity of air flowing
through the bypass, the total air flow, and the combustion-chamber static
pressure were regulated by three remote-control valves. Two cbservation
windows were installed in the test section in order to permit visual
observation of the combustion process. A pictorial representation of the
turbojet engine installed in an eltitude test chamber (fig. 2) illus-
trates the equipment installatlon used for evalueting the full-annulus
combustor. T D

Instrumentation
Totel temperature end pressure were measured in the one-quarter-
annulus combustor at the three stations indiceted in figure 1. The

position of -the instruments in each of the three planes is shown in
figure 3. Combustor-inlet totel temperatures were measured with three

R
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bare-Junction unshielded iron-constantan thermocouples at station 1, as
shown in figure S(a). Slightly upstream of gtation 1 were located twelve
total-pressure tubes, three in each of four rekes as shown in fig-

ure 3(a). Combustor-outlet total temperatures were measured with thirty
bare-junction unshielded chromel-alumel thermocouples; five thermocouples
in each of six rakes were located across the duct at station 2, as shown
in figure 3(b). At station 3 were located fifteen total-pressure tubes
in three rakes of five pressure tubes each (fig. 3(c)). All instruments
were Jocated at approximate centers of equal areas., Static-pressure teaps
were installed at the waells, ss shown in figure 3.

Ingtrument construction detells are shown in figure 4. Fuel flow
was metered through calibrated rotameters and esir flow, through a
concentric-hole sharp-edged orifice.

Combustors

The one-qguarter-annulus combustor counsisted of a one-quarter sector
(90°) of & single-annulus combustor designed to F£it into a one-quarter
sector of an annuler combustion-chamber housing. The outer diemeter of
the housing was 25% inches, the inner diameter, log inches, and the
distance in the asgembled unit from fuel nozzles to combustor outlet was
spproximately 23 inches. A three-quarter view illustreting the combus-~
tor as it was located Iin the housing ig shown In figure 5. Fuel isg
injected downstream by means of ten fixed-orifice pressure-stomizing
nozzles. Air passes from behlnd a pertitionm near the upstresm face of
the combustor into the combustion zone through two rows of small rectan-
gular openings located in the partition plete at the combustor walls and
through the snnulsr clearances between the fuel nozzle and the plsate.
Figures 5 and 6 illustrate the geometric relation between the fuel nozzles
and the partition plate., Most of the combustion sir enters the combus-
tion zone through the slotted openings in the wglles of the combustor.

A peries of six air-admission configurations on the inner and outer walls
were invesgtigated and hereinafter will be designsted models 1 to 6.
Sketches of these six configurations are shown in figure 7. For dis-
cussion, the first one-half length of the combustor is cslled the primary
zone and the second one-half length of the combustor, the secondary zone.
The configurations used 1In evaluating the full-annulus combustor in a
turbojet engine were the same as those shown in figure 7, except that

the combustor was a full (360°) annulus. A photograph of one configu-
ration is shown in figure 8.
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PROCEDURE

The genersal procedure was to develop a single-annulus combustor
patterned after that of reference 3, but with a specific exhaust-gas
radial tempersture distribution which would meet the specifications for
a given engine. The altltude performance characteristics were evalusted
in a one-quarter-annulus duct setup.

The corresponding full-anmilus combustor was then installed in a
turbojet engine snd its altitude performance as dbtained in an altitude
test chember compared with the performance obtained in the one-quarter-
anmilus duct test setup. Altitude performance wag determined for both
the one-quarter-annulus and the full-annulus combustor with MIL-F-5624
(JP-3) fuel. . _

One~quarter annulus. - The combustor-~inlet alr conditions and the
values of the estimgted combustor-outlet temperstures required to
operate a turbojet engine having a pressure ratlio of 4 were calculated
from data obtained in an asltitude-wind-tunnel investigetion of the
camplete engine equipped with the atandard combustor for that engine.
Conditions were chosen for s simulsted £light Mach number of 0.24 and
an engine Jet-exhaust-nozzle cross-sectlonal area of spproximately
171 square inches. Curves for combustor-inlet conditions and for
estimated values of turbine-inlet gas temperatures are given in figure 9.
The performance of the one-quarter-annulus combustor was determined by
using these curves as the basis for simulsting engine operating conditions
in the test combustor. The methods outlined in reference 3 for obtaining
combustor performance were followed.

Full-gnnulus. - The performance of the full-snnulus combustor as a
component of a turbojet engine was determined in another investigation
in an altitude test chamber by operating the engine over a range of
engine speeds at predetermined values of altitude and flight Mach number.
Performance data for compasrison with the one-quarter-snmlus combustor
were obtained st a simulated flight Mach number of 0.30. The low-speed
gltitude limit was determined with the engine speed and flight Mach
number held constent and the sltitude increased until combustor blow-out
occurred. The high-speed limit was dictated by a temperature limit
based on the stresses induced on the turbine by gasg and dynsmic loeding
and by the reduction in alloweble stresses 1in the blade material at the
higher temperatures. The high-speed limit wee considered to have been
reached when the turbine radisl-tempersture-distribution curve became
tangent to the calculated limiting temperature curve at any point.

It wae necessary to increase the Jet-exhaust-nozzle area from the
original 171 square inches for the standard engine combustor configura-
tion to spproximstely 194 square inches to meke possible the operation
of the engine with this modified combustor design over the required
englne-speed range.

8ace
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RESULTS AND DISCUSSION
Combustor Design Features

Previous research at this laboratory has indicated an adventage in
congidering the entire combustor length for obtainlng radial-tempersture-
distribution control at the combustor outlet. First an environment
amensble to control should be established in the primary zone, that is,
a consistent temperature pattern shonld be obtained at the primary-zone
exit (approximately one-hslf of the combustor length for current design).
Control of the outlet radial temperature distribution can then be
accomplished with variations in the air-admission opening in the second-
ary zone of the combustor; however, the dilution should be introduced
over as long a path as possible to allow more time for mixing of the hot
and the cold geses. The results of the investigations of references 2
and 3 showed the advantage of axial slots for the air-admission geometry
in the primary-zone walls to maintain the desired condition discussed
Previously. Excess alr could be admitted into the primsry zone in this
manner without reducing the primary-zone effectiveness. This method of
alr sdmission made better use of the gvailghle volume by initigting the
dilution mixing process somewhere in the primary zone. In eddition,
introducing the primary ailr through axial-slot openings tends to produce
alternate longitudinel sectors of fuel-rich and alr-rich regiomns,
resulting In a continuous path of optimum fuel-air concentration in the
interfaces of the elternate sectors.

Applicaetion of Design Features

By spplying the principles ocutlined previously end demonstrated in
references 2 and 3, a single-annulus combustor similsr to that of refer-
ence 3 was investigasted in & one-quarter-annulus test rig to obtain =
specific radial gas temperature distribution for a preselected compressor-
turbine combination. After the basic gir-asdmission arrangement on the
primary-zone wells had been developed, the radial gas-temperasture dis-
tribution at the combustor outlet was controlled primarily with veria-
tions in gslr-sdmission gecmetry of the secondary zones of the combustor.
Varlgtions in the air-admission geometry in one area will necessarily
affect a given flow balance along the length of the cambustor because of
a resultent change in flow reslstance, Alterations were thus necessary
in other portions of the cambustor to stebilize performance, other than
temperature distribution, at satisfactory levels.

The gilr-admission design provided for longitudingl pgsrtitioning of
gases in the upstream pert of the secondary zone on both the inner and
the outer walls. ILouvers, providing for alr entry with little penetra-
tion in the downstream part of the secondary zone, were located in the
outer wall. The dilution gir-sdmission geometry was so designed that
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alternate zones within the combustor would remsin relatively undisturbed
by incoming cooling air, and corridors of hot flowing gases would con-
tinue uninterrupted for the length of the combustor. PFPhysically, this
geametry should produce alternate sheete of hot and cold gases. Varia-
tlons 1n the exhaust radiazl temperature distribution were obtained by
changing the penetretion and mixing of the cold air with the hot gases,
which was in turn accomplished by verying the width and the length of
the corridors. Combustor model 1 (figs. 5 and 7(a)) wae thus developed
and e.v.alua-bed-. P - - PP, PR e e i = e m memm e e e = P - _

The discharge velocity flow profile for the compressor of the pre-
selected compressor-turbine combinstion varied with compressor speed
but, in genersl, tended toward high velocities nesr the outer wall. .
Typicel compressor dlscharge weloclity profiles for this compressor are
shown in figure 10. The performance of combustor model 1 was therefore
evalusted with an inlet velocity profile disturbed in the manner shown
by the dashed curve in figure 10, which was considered a compromise
inlet condition for the actual compressor characteristic.

Model 1

One-quarter annulus. - The gltitude performance of model 1 cbtained
in the one-quarter-annulus test setup is shown in figures 10 to 12. The .
altitude operating limits are shown in figure 11. Low-speed limits
occurred at approximately 54,000 feet for a simulated condition of
70 percent of rated engine speed and at 48,000 feet for 63 percent of .
rated engine speed. High-speed limits are fictitious with respect to N
the engine because the limits in the high-speed reglon are usually
imposed by the temperature limits of the turbine rather than by the
performance of the. combustor.

In order to indicate the performance of this combustor lrrespective
of requirements that might be imposed by a particuler turbojet engine,
the combustor was operated over a range of air flows per square foot of
combustor meximum cross section at sn inlet-air pressure and tempersture
cambination typical of current engine opergtion. Combustion efficiency
1s shown as & function of the mass flow through the combustor over a
range of combustor temperature rise in figure 12. At each temperature
rise rgtio the combugtion efficiency increases 10 a meximum vglue and
then decresses with incressing air flows through the combustor. Maximum
combustlion efficiency is obtalined at successively lower alr flows as the
temperature rise through the combustor incresses. Shown in this figure
is the approximate range of air flows corresponding to a combustor-inlet
presgure of 10 pounds per square lnch absolute over which the combustor
would be required to operate es a component of the engine considered.
The primary zone of the combustor was so designed that the most favorable
portion of the performence curves falls within this range of air flows.. )
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This design was accomplished by variations of the dimensions and srrange-
ment of the slots that admit alr., In this manner the design was molded
into a combustor conteining the required combinastions of stability,
combustion efficlency, and temperature-rise characteristics. A typical
combustor-outlet radigl temperature distribution is shown in figure 13
for simulated engine conditions at an altitude of 50,000 feet and a
corrected engine speed of 13,000 rpm. The solid curve shown is the
average curve for debta obtained at four circumferentlgl positions. The
dashed curve represents the calculated optimum temperature distribution
for the turbine employed.

Comparison of one-quarter and full gnnulus. - The comparison of the
performance of the one-quarter- and the full-annulus combustors
(model 1) is presented in figure 14. The altitude opereting limits for
the two combustors are presented in figure 14(a). In the low-speed
region the full-annulus combustor showed slightly higher limits than
the one-quarter-annulus combustor; however, the curves intersect at an
altitude of about 50,000 feet and 65 percent of rated engine speed. The
high-speed limitation, aes mentioned previously, cannot be compared
directly because the engine is limited by the tempersture limitations
of the turbine. The small difference in simuleted flight Mach number
(0.24 for the one-quarter-annulus combustor and 0.30 for the full-
annulus combustor) would create a small veriation in the combustor-inlet
conditions for the two combustors; however, this was considered not to
affect the comparison seriously. The variation of cambustion efficiency
with engine speed for two altitudes is presented in Pigure 14(b). The
limited data for the one-quarter-annulus combustor indicate a reasonsble
correlation of cambustion efflciency with the data of the full-annulus
cambustor. Figure 14(c) presents a comparison of radial gas-temperature
distributions at the turbine section with the calculsted optimum digtri-
bution. Temperature level is plotted as a function of radial distance
gt the plane of instrumentation. The full-annulus~conbustor tempersture
data were recorded downstream of the turbine; whereas the one-quarter-
gnnulus-combugtor data were dbtgined at a section in the duct corre-
sponding to a point upstream of the turbine in the engine. An adjustment
was made in the temperature level of the one-quarter-gnnulus dgta to
simplify comparison at turbine-exit temperature levels. The temperstures
for the- full-gnnulus combustor were much higher at the blade root and
much lower at the blade tip positions than those for the one-quarter-
annulus combustor and, as a result, the temperature distribution et the
turbine in the engine was far from matching the calculated optimum curve.
Design changes were therefore made in an gttempt to improve this condi-
tion without affecting other performence characteristics.
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Model 2

One-quarter annulus. - It appeared possible that the provision in
combustor model 1 for wide corridors of hot Plowlng gas€s and deep pelie-
tration of the cooling alr from the inmer wall of the secondery zone
had been overdesigned. As a result, these provisions (fig. 7(a)) were
almost entirely eliminated in an effort to reduce the temperatures at
the turbine root wilth respect to those at the tip. Because the resulting
decrease in flow resistance in the inner wall of the secondery zone
would result in reduced flow into the primary zone, the areas of the
large louvers in the outer wall of the downstream part of the combustor
were reduced to compensate for this effect on primery alr flow. This
variation of model 1 resulted in model 2.

2358

The compressor-outlet veloclty characteristice were considered a
possible cause for the lack of correlation of the temperature distri~’
bution between the one-quarter- and the full-annulus configuretions.

The effect of varistion of inlet veloclty dilstribution on radlal tempera-

ture distribution at the combustor outlet was therefore determined for

the three velocity distributions shown in figure 15. The slope of the

curve producing & high velocity at the outer wall 1s gpproximately the .
same as that obtained 1n .the engine at slmulated condltions of esn alti-

tude of 40,000 feet and engine speeds sbove 11,000 rpm. The varlation

in inlet veloclty represented in figure 15 is much gremter than that .
encountered in engilne operation. The radlsl temperasture distributions

as oObtsined with model 2 for the three inlet velocity distributions at

a simulated altitude of 50,000 feet and 13,000 rpm are shown In fig-

ure 16. Slightly lower turbine-tip temperatures resulted from s high

inlet velocity on the inner wall. In general, however, the temperature
distribution at the combustor outlet was very similar for all three

inlet velocity distributions. All subsequent combustor modifications

discussed were therefore evaluated with a uniform velocity distribution

at the combustor inlet. The moderately high pressure drop across the

canmbustor (abcut 9 percent of the inlet total pressure) could be a

contributing factor in diminishing an effect of inlet velocity profile

on the combustor-outlet radial temperature distribution.

Comparison of one-gquarter and full annulus. - Figure 17(a) compares
the rediasl tempersture distributions obtained with model Z in the full-
annulusg combustor end in the one-quarter-annulus combustor. The curve
shown for the full-annulus conbustor was obtained at simulated altitude
operating conditions of 40,000 feet and that shown for the one-quarter-
annulus combustor, at simulated altitude operating conditions of
50,000 feet. In another investigation, these differences were shown to
heve little or no effect on the shape of the exhaust-gas radial temper-
ature distribution of the slot-type combustor. The shapes of the two
curves are in good agreement, with the exception that the gas tempera- o
tures near the outer wall decreased more rapidly in the one-quarter- o

annulus setup than in the full-annulus engine runs. This could indicate
en unaccountable difference bebtween the one-quarter-smnulus runs and the
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full-annulus engine runs. The gas temperatures at the turbine-blade root
were reduced over those of model 1 and those at the turbine-blade tip were
increased; however, comparison with the calculated optimum curve indicates
that now the root temperatures are much too low, and the tilp temperatures,

too high.

Model 3

Apparently the radial partitioning of the gases in the secondary
zone, which was almost entirely eliminsted in model 2, should at least
be partly replaced. The combustor was therefore modified by reducing
the glr-slot width by a factor of one-half for a length of 4 inches in
the inner wall of the upstream part of the secondary zone. The gir-
admission-geometry arrangement is shown in figure 7(c). The accompanying
change in air-slot pitch was for the purpose of incressing the tendency
for the formation of corridors of hot flowing gases in this region. The
open gsreas of the gir louvers on the outer wall at the downstream part
of the combustor were increased to sid in the reduction of temperatures
at the extreme blade tip.

Comparison of one-quarter and full gnnulus. - Combustor model 3
produced tempersture-distribution curves as shown in figure 17(b) for
the one-quarter-annulus and the full-annulus combustors. The turbine-
blade-root temperstures were incresgsed Just slightly over those of
model 2 and the point of peak temperatures was shifted farther away from
the outer well. It was evident from these data that the modifications to
increase the turbine-blade-root temperatures were Insufficient.

Models 4 and 5

Combustor models 4 and 5 were obtalned by providing wide corridors
for predetermined lengths in the inner wall of the secondary zone of
model 3. This was accomplished by blocking every third sir-admission
slot in the inner wall of the secondary zone, as is shown in fig-
ures 7(d) and 7(e). Again, in order to compensate for the shift in
resistance to air flow created by this modificgtion, the glr-admission
grea in the outer wall of the primary zone was also reduced.

Comparison of one-guarter and full annulus. - The turbine-blade-
root temperatures were increased and the peak tempersture point was
shifted toward the outer wall for model 4 as shown in figure 17(c). The
turbine-blade-root tempergtures in the one-quarter-annulus combustor
have Incressed over the previous models more than those in the full-
annulus combustor as evgluated in the engine. Temperature~distribution
curves obtalned with the two (model 5) combustors are shown in fig-
ure 17(d). The root temperatures in the one-quarter-annulus combustor




10 <N NACA RM E52A21

heve Increased over the previocus models much more than those in the full-
annulus combustor for model 5; however, the tip temperstures for the
one-quarter-annulue combustor decreased rather shsrply.

Model 6

A further incresse in the length of the corridors of hot flowing
gases was indlcated by the data; yet if this were achieved by further
blocking of the air-sdmission slots, a condition similar to that obtained
in model 1 would result; that is, a complete ghift in temperature dis-
tribution would occur. The cold-gir penetration from the inner to the
outer wall would be increased sufficiently with e simmltaneous shift in
the air flow toward the outer wall (because of the blockage required to
extend the corridors the full remaining length of the combustor) to
cause the mejor shift in temperature distribution. In an attempt to
obtain the benefits of the extension of the corridors and not to accept
the shift in distribution, 13 "fingers" were installed at the downstream
ends of the existing corridors of model 5, which allowed air to enter
but not to penetrate. Figure 6 illustrates the lnstelletion of the
fingers on the combustor wall.

Comparison of one-guarter and full annulus. - The full-annulus com-
bustor for model 6 produced a8 temperature dilstribution very close to the
calculated optimum curve (fig. 17(e)). The one-quarter-annulus combustor
produced turbine-blede-root temperatures much higher than those of the
calculated optimum design. This result 1ls consistent with the trends
noted for models 2 to 5. ' '

Thus, altitude operating limits, combustion efficlency, and pressure
drop wilth the full-annulus combustor model 6 were evaluated and these
performence levels compared with those obteined for model 1 in the full-
anmilus combustor. Performance comparison for the two confilgurations is
shown in figure 18, The intention of the combustor configurstion
changes from model 1 to model 6 was to effect a change in the radial
temperature distribution of the gases while meintalning other performance
criteria constant. It can be Been from fikure 18 that this goal was
successfully achieved with the exception of the increase in total-
pressure drop APT/PT that occurred (fig. 18(c)). These performance

levels, along with the tempersture distribution produced with model 6,
were consldered satisfactory. Although actusl correlation of radial
temperature distribution between the one-quarter and the full annulus

was not established, trends did exlst from model 1 to model 6 which made
it possible to develop a given temperature distribution for the englne
using a one-quarter-annulus lsboratory duct-type setup to predict results.

-85g2
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SUMMARY OF RESULTS

The following results were obtained from an investiggtion of a
one-quarter-annulus combustor design with slot-type air esdmlission con-
ducted in a laboratory duct-type setup and from a comparison with an
investigation of the full-annulus counterpart conducted in a full-scale
Jjet engine:

1. The radisl gas-temperature distribution et the combustor
outlet was controlled primesrily with veristions in air-asdmission
geometry in the secondery zone of the combustor. This wes accomplished
by providing for longitudinel partitioning of gases in the upstreanm
pert of the secondary zone 1n such a way that alternate corridors within
the combustor would remain relatively undisturbed by incoming cooling
ailr, and corridors of hot flowing geses would continue uninterrupted for
the length of the combustor. Varlations in the exhaust redigl tempera-
ture distribution were obtained by controlling the penetration and
mixing of the cold sir with the hot gases.

2. A reasongble correlation existed between the one-quarter-annulus
and the full-ennulus combustor for combustion efficiency and altitude
operating limits. Although actusl correlation of radial temperature
distribution was not esteblished, sufficient trends dld exist which made
it possible to develop a glven temperature distribution for the engine
using & one-quarter-annulus laboratory duct-type test setup for the
development. '

Lewls Flight Propulsion Igboratory
Nationel Advisory Committee for Aeronsutics
Cleveland, Ohio
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Model 1.

Flgure 5. - One-quarter-ennulus carmbustor ag assembled in teat ducting.
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-quarter view of inlet.
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- Full-annulus ccmbustor.
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(b) One-quarter view of outlet.

Figure 8. - Concluded.

Full-annulus combustor.,
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Combustor air flow, 1b/sec
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Figure 9. - Operating charscteristics for ref-
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Figure 9. - Continued. Operating characteristics

for reference turbojet engine. Simulated f£flight
Mach number, 0.24.
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Figure 11. - Altitude operating limits of one-quarter annulus of

single~-annulus turbojet combustor for flight Mach number of 0.24.
Combustor model 1; fuel, MIL-F-5624.
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Figure 13. - Average radial combustor-outlet temperature distri-
bution of one-quarter annmulus of single-annulus turbojet
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Figure 14. - Comparison of operating characteristios of one-

quarter-anmlug and full-annnlus turbojet combustors. Com-
bustor model 1; fuel, MIL-F-5624&.
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Figure 14. - Conoluded. Comparison of operating characteristics
of one-quarter-annulus and fulle-anmulus turbojet oom‘bustors
Combustor model 1; fuel, MIL-F-5624.
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Figure 15. ~ Combustor-inlet radial velocity distributions
imposed on one-duarter-apnulus combustor at simulsted
pressure altitude of 50,000 feet and rated engine speed.
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Figure 16. - Effect of imposed combustor-inlet velocity distri-
bution on exhaust-gas radial temperature distribution at
similated pressure altltude of 50,000 feet and rated engine
speed. Combustor model 2. Flight Mach number, 0.24.
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Figure 17. - Comparison of exhaust-gee radial temperature
distribution of onme-quarter-annulus snd full-annulus
turbojet combustors. Fuel, MIL-F-5624, =~

8Se2



2358

NACA RM E52AZ1 R
1400 r .
I One~quarter
annulus\ //—\\
N =2\
>/ A \
1300 /id \
/ / \ \
7,
i, A
\

/’
Calculsated 4
optimum design
1200 .

e e g

A \

1
7 / .

oFtc YV

~ 1100 /'/ / \ \

g AVaN \

5 ,/

g // / / \

8 / /

1000
é« / / /\]?ull annulus '
&

900 /
s /

Inner Outer
wall wall
700
0 1 2 3 4 5

Radial distance, in.
(b) Cambustor model 3.
Figure 17. - Continued. Comparison of exhaust-gas radial tem-

perature distribution of ocne-quarter-snnulus and full-snnulus
turbojet combustors., Fuel, MIL-F-5624. ’
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(c) Combustor model 4.

Figure 17. - Continued. Comparison of exhaust-gas radial tem- : -

perature distribution of one-quarter-snnulus and full-snnulus
turbojet combustors. Fuel, MIL-F-5624.
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Figure 17. - Continued. Comparison of exhsust-gas radial
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Figure 17. - Concluded. Comparlson of exhaust-gas radial tem~
perature distribution of one-quarter-annulus and full-annulus

turbojet combustors.
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Figure 18. - Comparison of performance between model 1 and model 6 in full-

annulus combustor.

Similated flight Mach number, 0.30; fuel MIL-F-5624.
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Figure 18. - Concluded. Comparison of performance bhetween
model 1 and model 6 in full-annulus combustor. Simulsted

flight Mach number, 0.30; fuel, MIL-F-5624.
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